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1. [10 marks] The figure shows a solenoid S with n=200 turns/m and a core radius of 2 mm. The solenoid S 
houses a coil C in its center as shown. Coil C has a total number of turns N=200 and a core radius of 0.7 mm. 


(a) If the time varying current flowing in S is i(t)=7t Amperes, where t is in seconds, what is the magnetic 


field inside the solenoid. (3 marks) 
(b) What is the direction of the induced current inside the coil C, due to the flux from the solenoid S. (redraw 


C in your answer sheet and show the current direction). (2 marks) 
(c) Calculate the magnitude of the induced emf in the coil C. (5 marks) 


ANSWER: 


(c) 1.759tx10° T 
(d) E 
rrer a rra) 


| 


(e) 5.4164 x 10” Volts 
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2. [10 marks] For the circuit below: 
(a) Find Vx when the circuit switch is open. (5 marks) 


(b) When the circuit switch is closed, find the power supplied or consumed by each of the sources and 
clearly indentify whether ‘supplied’ or ‘consumed’. (5 marks) 


(a) 6.6667 V 
(b) Power of current source = 25 W supplied 
Power of voltage source = 18.75 W consumed 
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3. [10 marks] 


(3.a) [5 marks] For the circuit shown below, develop the equations for the two nodal potentials, Vi and V2. 
Show the set of equations in the form of ai Vi + a V2 = bı 


a21 Vi + az V2 = b2 
ie 


Va 


where all coefficients are integers. 


= 


Figure for Question 3.a 


7V — V, = 2V; 
7V + 3V; = 0 
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(3.b) [5 marks] Use superposition to find the current I in the circuit given below. (If other techniques 
were used instead, partial marks will be given.) 


30 Q 


= Figure for Question 3.b 


—0.1 A 


Page 5 of 5 


University of Toronto 
Faculty of Applied Science and Engineering 
Department of Electrical and Computer Engineering 


ECE110S — Electrical Fundamentals 
Midterm Test 2 — March 17, 2011, 6:10 — 7:40 p.m. 


ANSWER ALL QUESTIONS ON THESE SHEETS, USING THE BACK SIDE IF NECESSARY. 
Non-programmable calculators are allowed. 

For full marks, you must show methods, state UNITS and compute numerical answers when requested. 
WRITE IN PEN. OTHERWISE, NO REMARKING REQUEST WILL BE ACCEPTED. 

There is one extra blank page at the end for rough work. 

One 8 1/2” x 11” aid sheet allowed 


Si PEN 


Last Name: 
First Name: 
Student Number: 


Tutorial Section 
(YOU LOSE ONE MARK FOR NOT MARKING YOUR TUTORIAL SESSION CORRECTLY): 


[[]01 WB342 Mon. 3-5 p.m. | 

[102 GB304 Mon. 3-5 p.m. Quesuen Mark 
[[]03 WB342 Tue. 4-6 p.m. 

[]04 GB304 Tue. 4-6 p.m. l 

[[]05 GB404 Wed. 4-6 p.m. 

[[]06 WB219 Wed. 4-6 p.m. E 

[ |07 SF2202 Wed. 2-4 p.m. 

| ]08 WB219 Wed. 2-4 p.m. 3 

[|09 GB120 Fri. 4-6 p.m. 

[]10 WB130 Fri. 4-6 p.m. TOTAL 


[|11 SF2202 Fri. 2-4 p.m. 
| |12 WB130 Fri. 2-4 p.m. 


Page 1 of 5 


1. [10 marks] The figure shows a solenoid S with n=200 turns/m and a core radius of 2 mm. The solenoid S 
houses a coil C in its center as shown. Coil C has a total number of turns N=200 and a core radius of 0.7 mm. 


(a) If the time varying current flowing in S is i(t)=7t Amperes, where t is in seconds, what is the magnetic 


field inside the solenoid. (3 marks) 
(b) What is the direction of the induced current inside the coil C, due to the flux from the solenoid S. (redraw 


C in your answer sheet and show the current direction). (2 marks) 
(c) Calculate the magnitude of the induced emf in the coil C. (5 marks) 


ANSWER: 


(c) 1.759tx10° T 
(d) E 
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(e) 5.4164 x 10” Volts 
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2. [10 marks] For the circuit below: 
(a) Find Vx when the circuit switch is open. (5 marks) 


(b) When the circuit switch is closed, find the power supplied or consumed by each of the sources and 
clearly indentify whether ‘supplied’ or ‘consumed’. (5 marks) 


(a) 6.6667 V 
(b) Power of current source = 25 W supplied 
Power of voltage source = 18.75 W consumed 
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3. [10 marks] 


(3.a) [5 marks] For the circuit shown below, develop the equations for the two nodal potentials, Vi and V2. 
Show the set of equations in the form of ai Vi + a V2 = bı 


a21 Vi + az V2 = b2 
ie 


Va 


where all coefficients are integers. 
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Figure for Question 3.a 


7V — V, = 2V; 
7V + 3V; = 0 
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(3.b) [5 marks] Use superposition to find the current I in the circuit given below. (If other techniques 
were used instead, partial marks will be given.) 


30 Q 


= Figure for Question 3.b 
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Q1 [10 marks] 


Figure shows a metallic wire loop in the shape of an equilateral triangle (all sides are equal 


having the length a centimeter) immersed in a magnetic field B. The magnetic field (B) is 
uniform in space, pointing into the page, but changes with time according to t et (T). 
Considering the time interval 0 < t < 1 second, answer the following questions. 


a) Derive an expression for the magnitude of the © B 
induced current in terms of a and f, assuming each 


side of the triangle has a resistance R (Q). What is © (x) © (x) 


the direction of the induced current (clockwise or 
counter clockwise)? (6 marks) 


(57 ag 


-t 
gb > dite fe pes 
GŁ 


BL >O fam o<t< i 
at 


P, t -. Mind is CCW 


dt 
a 
2 = h 
ha_ whee h= | = 
A= a? Oe 
= | 


SCICKCKOKO 


Q1 continued 


b) Obtain an expression for the total power dissipated in the metallic loop. Show all your work 
and simplify your answer as much as possible. (2 marks) 


4 -2t 
LA a-e *8K 


1 
Pis $ (Tin) “SR = 76-38" 


_2€ 
at 1e 
= IGR 


c) Suppose that each side of the triangle is doubled in length, while the loop is still entirely 
immersed in the magnetic field. As compared to the part (a), does the induced current increase or 
decrease and by how much? Show all your work. (2 marks) 


RD. 2% 


A> da 


Q2 [10 marks] 


2.1 Consider the circuit shown below. Some element voltages and element currents are given. 
Calculate the powers for element A and element B? (3 marks) 


P, = VI = (ivy (tay = IW 


Paź VI = (-4V)C2A)= -& W 


2.2 For the circuit given below, 


a) Assume that you are solving this problem using nodal analysis technique, write a set of 
equations in terms of nodal voltages. (2.5 marks) 


Vig MO _ o04V=O 
100 SO 


Ve= W +10 


b) Assume that you are solving this problem using mesh analysis technique, write a set of 
equations in terms of mesh currents. (2.5 marks) 


100 (0, -0.04 WW) +S0c,+10 =O 


FA = SOc, 


c) Determine V, by solving the set of equations in either a) or b) above. (2 marks) 
Fom a) V = 20V 
VK = V-O=lOV 


NE I A 
from b) OA 


y= SOc, = (OV 


Q3 [10 marks] 


Consider the circuit containing a current source and a voltage source as shown below. 


102 


W v Ri = 100 


a) What is the contribution of the current source alone to: 


i. The magnitude of V, (2 marks). 
lo 


40 ke (2 


[o 


ty VS - 4. (o= -40V 


pum 
HG) FP 


ii. The power dissipated in the resistor Ry (2 marks) 


lo | 
2 
A 2 (er) K 
22 20 (D 
“tq 0” UG = low 
(2 
> 
26 


b) What is the contribution of the voltage source alone to: 


i. The magnitude of V, (2 marks). 


=> 
oov = 
joo (= Req = 201130 gen 
+. sje pa ; 
20 
O 
190 pon 0 
"a 


ii. The power dissipated in the resistor RL (2 marks) 


> go loo _ IŚ. 
ame —_* 


U 
œ 
D 


101L 


c) Compute: 


i. The magnitudeofV, (1 mark) 


Ve = N, tlx 7 40x26 = ASV 


ii, The total power dissipated in the resistor Ry (1 mark) 


Se ed O. 54 A 
L 


7.7 


L 
2 z S8) lo = 
2, = (0:88) 
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Q1 [10 marks] 


"Slip ang 


Loop Area = A 


The figure above shows a single metallic loop of constant area A, immersed inside a uniform magnetic field 
B (device is actually a generator). The angle between the loop and magnetic field changes with time 
according to cos wt where w is a constant known as angular frequency [rad/s] and ¢ is time [s]. 


(a) Give the expression for the magnitude of the induced current through the resistor R. (6 marks) 


Deut Pe f R-dA -({ Rd A cas wh = BĄ cos wE 


|- = RA cos wk | = BAwsinuwt 


l El IŚ AwSen wt 
EA = R R 


i 
f= w | OE Bies Ceos EY 


JeJ= BAw cin (uit) sin Coase) 
jej KA S'n (aé) sin (os €) 
eee 


K 


Q1 continued 


(b) If instead of a single loop, N number of loops were used, how does the result in part (a) change? (2 marks) 


- NBAw sin wb 
R 


N BAwsnlut) Sh (ws wt) 
—_——— EC 


K 


(c) During the period of0 < t < oe what is the direction of the induced current in the metallic loop? Draw 
the current arrow on the loop indicating the direction of the current. (2 marks) 


D = wt 
A 


= ws ot So 


Q2 [10 marks] 


| XXXXXXXXXXXXXKXXXXXXXXXXX 
Km XXXXXXXXXKXXXXXXXXXXXXXXX 
AXXXXXXXXXXXXXXXX 
XAXXXXXXXXXXXXXXXX 
AXXXXXXXXXXXXXXXX 
KAXXXXXXXXXXXXXXXX 
CAXXXXXXXXXXXXXXXX 
XXAXXXXXXXXXXXXXXXX 

4X XXXXXXXXXXXXXXXXXXXXXXX 
XXXAXXXXXXXXXXXXXXXXXXXXXX 


R 
1 kQ 


Consider the following two examples above in which we can magnetically induce currents through a simple 
resistive circuit. In both cases, the induced current is measured by an ammeter connected in series within 
each respective resistive circuit. We assume that the ammeter does not affect any of the circuits. 

e In example A, a square coil (10 cm x 10 cm) is pulled through a uniform magnetic field (2.5 T, 


directed into page) at a constant velocity, Von = 5 m/s. 


e In example B, there is an inner coil centered within an outer solenoid. The outer solenoid has 10,000 
turns, radius of 4.5 cm, and length of 20 cm; whereas the inner coil has 40 turns and a diameter of 1.2 


cm. 


(a) Calculate the current (14) measured in the resistive circuit in example A. (3 marks) 


Q2 continued 


(b) In example A, determine the direction and magnitude of the external force that must be applied to the 
square coil. (3 marks) 


drechna 


= LE = JĄ, LG = 0.3lmN L<—] 


(c) Determine the input current [/(t)] in example B, such that J, = Ip (4 marks) 
€ L2S V 
2 — pa > E= 4 
Ta= LT R 
à 
£ = N 3€ fs 


> 5 
= Nzę (mena) 


de - | 46076 
at 


Th = 4397.6t A 


uni Í 


Q3 [10 marks] 


2kQ WARE 
C +) O + 
2kQ 1, 4kQ 2kQ Vo 
O - 
(a) Use either nodal or mesh analysis to find V; in the circuit. (6 marks) 
: Mesh Analysis 
Node A > À + (2V 2x a. ~ 
DKAT Ce Me Le ry, 
t Ti 
KVL@ loop 1 
—2KIx +AKI, + #K(Ti-R)=0O 
KVL@ lop 2 
~12 + 2KI, + 4k (1271) = © 
Vo = Va + 12 Ty = dą 
= RCR == omA Ve FAKT Z 12V 
T 2K 
V = [2V 


Q3 continued 


(b) Compute power in the 4kQ resistor. (1 mark) 


P 


U 


VI 
=z OxI 


(c) Compute power in the dependent source. (1 mark) 


P= VI 


li 


Naj 
| A ox NA I 
(Qk R): —( 2x 


= 7a0W 


ji 


(d) Compute power in the independent source. (1 mark) 


P= VI 

= 12 --T 
V 

Aa 


= -72 mW 


(e) Compute the power in the two 2kQ resistors. (1 mark) 


P=VI oc 


Sum of all power in ect must = O 


p = PUPAN, 
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Q1 [10 marks] 
A) For the two long straight wires carrying currents i; and iz respectively as shown below, find the 
expression for the magnetic field at the origin. (3 marks) 


B) An uniform magnetic field B (into the page) shown below, changes over time according to the 


following equation: B(t) = = sin(2nt) where B is in Tesla and £ is in second. 

© © © Q 6 a) Find the magnetic flux (©p) as a function of time, which 
B WIR loop passes through a 10 cm x 10 cm square-shape wire loop. (3 
© © O Ol Q marks) 

e 8 © g| © L o | 

- (0 =>" TŁ Wb 
© 18 © | © 
© © @ O Q 


b) Determine the magnitude of the induced emf in the wire loop as a function of time. (2 marks) 


10 wCort) V 


c) What is the direction of the current (clockwise of counter clockwise) in the wire loop in period between £ 
= 0.25 s and t= 0.5 s. Explain why? (2 marks) 


C lock TWide Wire Z si. 
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Q2 [10 marks] 
A) In the following circuit, find the currents, 11, 12, I3, I4 and the voltage, V across the 3 kQ resistor. 


(4 marks) 
lı b 


4 


—— +—— 


4kQ (u) 


J=amĄ, L=dmA, L=SmA, Ją=6mh, V=- 
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B) Determine the power dissipated by the 5 kQ resistor. (2 marks) 


30 mW 


C) Let's consider the case where if current passing through any resistor exceeds 7.5 mA, the resistivity 


begins to change permanently. We can characterize this relationship as P(t) = P,(l+ kt”). [po is 
the resistivity below 7.5 mA, k=1/4 s? and t is time in seconds] Determine the total resistance seen by 
the current source in 2 seconds. (4 marks) 


ZES: 
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Q3 [10 marks] Consider the circuit shown in the figure below. 


a b 
NAN A) Use nodal analysis and write down the set of 
equations sufficient to solve for all nodal voltages (5 
o BV, 


marks) 


B) Redraw the circuit above, so that no branch crosses over another branch. Use loop analysis and write 
down the set of equations sufficient to solve for all loop currents (5 marks) 


lAN Haza FK 
(6% Fak HO =O 
NR -K + (13-4 )R =O 
B = 03 R 
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Q1 [10 marks] 
A) For the two long straight wires carrying currents i; and iz respectively as shown below, find the 
expression for the magnetic field at the origin. (3 marks) 


B) An uniform magnetic field B (into the page) shown below, changes over time according to the 


following equation: B(t) = = sin(2nt) where B is in Tesla and £ is in second. 

© © © Q 6 a) Find the magnetic flux (©p) as a function of time, which 
B WIR loop passes through a 10 cm x 10 cm square-shape wire loop. (3 
© © O Ol Q marks) 
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b) Determine the magnitude of the induced emf in the wire loop as a function of time. (2 marks) 


10 wCort) V 


c) What is the direction of the current (clockwise of counter clockwise) in the wire loop in period between £ 
= 0.25 s and t= 0.5 s. Explain why? (2 marks) 


C lock TWide Wire Z si. 
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Q2 [10 marks] 
A) In the following circuit, find the currents, 11, 12, I3, I4 and the voltage, V across the 3 kQ resistor. 


(4 marks) 
lı b 


4 


—— +—— 


4kQ (u) 


J=amĄ, L=dmA, L=SmA, Ją=6mh, V=- 
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B) Determine the power dissipated by the 5 kQ resistor. (2 marks) 


30 mW 


C) Let's consider the case where if current passing through any resistor exceeds 7.5 mA, the resistivity 


begins to change permanently. We can characterize this relationship as P(t) = P,(l+ kt”). [po is 
the resistivity below 7.5 mA, k=1/4 s? and t is time in seconds] Determine the total resistance seen by 
the current source in 2 seconds. (4 marks) 


ZES: 
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Q3 [10 marks] Consider the circuit shown in the figure below. 


a b 
NAN A) Use nodal analysis and write down the set of 
equations sufficient to solve for all nodal voltages (5 
o BV, 


marks) 


B) Redraw the circuit above, so that no branch crosses over another branch. Use loop analysis and write 
down the set of equations sufficient to solve for all loop currents (5 marks) 


lAN Haza FK 
(6% Fak HO =O 
NR -K + (13-4 )R =O 
B = 03 R 


ECE110 - Quiz #1 


Only non-programmable calculators are allowed. 
First Name: Last Name: 
Student #: Tutorial Section: 
[5 Marks] Three point charges Q7=2nC, Q2=2nC, and Q; are located in Cartesian coordinate 
system at A(-3cm,0), B(3cm,0), and C(0, 1cm) respectively, as shown below. 


Calculate charge Q; such that the total electrostatic force exerted on an electron 
placed at point D(0, -4cm) is equal to zero. 


ECE110 - Quiz #2 
Only non-programmable calculators are allowed. 
Duration: 30 Minutes 


First Name: Last Name: 
Student #: Tutorial Section: 


Following figure shows a parallel-plate capacitor with an area of A = 0.12m° and a separation of 
d = 1.2cm. The capacitor is charged to a voltage of /20V by a battery and then the battery is 
disconnected. After charging the capacitor a dielectric slab of thickness b = 4mm with a 
dielectric constant of K = 4.8 is inserted symmetrically between the plates as shown. 
Determine: 

a) Capacitance before the slab was inserted. [1 Mark] 

b) Capacitance with the slab in place. [1 Mark] 

c) Total charge before and after the slab is inserted. [7.5 Marks] 

d) Potential difference across this capacitor. [1.5 Marks] 


= 


d=1.2 cm b = 4 mm 


U 
N 
\ 

s 


ECE110 - Quiz #3 


Only non-programmable calculators are allowed. 
Duration: 30 Minutes 


First Name: Last Name: 
Student #: Tutorial Section: 


Two infinitely long straight and thin wires carrying currents i; = SA and i2= 2A are positioned in 
parallel to the y-axis at x = 2cm and x = Scm respectively as shown in the Figure below. A 
positive charge q travels in the opposite direction of y-axis at a distance x = 3cm in a uniform 
E =6i Vim. 
Determine: 

a) Direction and Magnitude of the magnetic field along the path of charge q. [2.5 Marks] 

b) Magnitude of the velocity. [2.5 Marks] 


ECE110 - Quiz #4 
Only non-programmable calculators are allowed. 
Duration: 30 Minutes 


First Name: Last Name: 

Student #: Tutorial Section: 

In the circuit shown below apply Nodal Analysis to determine: 
a) Voltage at nodes b and c. [2 Marks] 


b) Currents Ix, Iy, and Iz. [2 Marks] 
c) Power by current source. [1 Mark] 


1KQ 


ECE110 - Quiz #5 
Only non-programmable calculators are allowed. 
Duration: 30 Minutes 
First Name: Last Name: 


Student #: Tutorial Section: 


[5 Marks] Determine Thevenin’s equivalent of the following circuit. 


Ri= 60 2.1 Volts R3= 100 


Że 


V= 20Volts 
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Q1 [10 marks] The following circuit consists of two loops that are coupled magnetically by a coil placed 
within a solenoid. The solenoid (10,000 turns, radius of 4.5 cm, and length of 20 cm) in Loop A is connected 
in series with a time-varying current source (Isource = 10 sin(t) A). Loop B consists of a coil (40 turns, cross 
sectional area of 2 cm’) placed within the center of the solenoid, and connected in series to a resistor (R = 
100 ©). Assume all circuit elements are ideal. 


: Solenoid 


: Ne = Coil 


neonsposts 
= p 


source 


u. 
teste se. 


Loop A Loop B 


a) Use Ampere’s law to derive the relationship between the magnetic field (B) induced within a solenoid and 
the electrical current provided by the current source (Isource). (3 marks) 


Q1 continue 


b) For the given sinusoidal current waveform, Isource = 10 sin(t) A, calculate the power consumed by the 
resistor in Loop B at t = (1/4) radians. (4 marks) 


c) Let us suppose that a second set of solenoid (10,000 turns, radius of 4.5 cm, and length of 20 cm) & coil 
(cross sectional area of 2 cm’) has been connected in series to the existing set. If the power consumption by 
the resistor in Loop B is measured to be half of the value obtained in part b), how many turns should the coil 
have? (3 marks) 


Q2 [10 marks] Consider the following resistive circuit and do the required computations in fractional rather 
than decimal form 


4 4kQ 5 kQ 
6 kQ 
Rap 
5V — 4 KQ 
1 kQ 
B 


a) Find the equivalent resistance Rap as seen by the 5V battery. (4 marks) 


b) Compute the total power dissipated in the resistive network. (2 marks) 


Q2 continue 


c) What is the current in the 6 kQ resistor? (4 marks) 


Q3 [10 marks] 


0.45 A 45 V 


a) Use either nodal or mesh method to find V, and I, in the circuit. (5 marks) 


Q3 continue 


b) Find the power absorbed by the dependent source. (2 marks) 


c) Find the total power supplied by the independent sources. (3 marks) 


ECE110 - Quiz #1 


Only non-programmable calculators are allowed. 
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[5 Marks] Four charges are located at the corners of a square of side a=2 m as shown in the Figure 
below. If Q;= Q2= Q; =10 uC and Q4 = -10 uC. 
a) Find the magnitude of the electric field at the center of the square, at point (0, 0). 
b) If a test charge Q=2 uC is placed at the square center, point (0, 0), find the 
magnitude of the electric force on this test charge due the other four charges. 


| 


< 2m > 


Q: 


2m 
Qs Y 
Solution: No need to show the angle 
| Q; A 
1m 
| 2m 


Part a: 


The electric field due to Q, cancels the electric field due to Q, 


kIQl IQ _ k 
IE| = El + lel = + TE = Saal + lead) 


r=vV1+1=V2 
8.99 x10? E N 
|E] =— 00 + 10) + 10 € = 89900 — 


_ OE = —459 
Part b: 


IF| = |E]. q = 89900 + 2x 1075 = 0.1798 N 


dp = —459 
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A capacitor consisting of two concentric cylindrical shells with radii a and b (b>a) and a length of 
L (L>>b) is considered. The inner shell has a total charge of +g and the outer shell has a total 
charge of -q. 

a) Draw a diagram and clearly show the above configuration. 
Develop the following expressions in terms of a, b, and q for: 

b) Electric Field in space between two cylindrical shells. 

c) Electric Potential (Voltage) between two cylindrical shells. 

d) Capacitance of this device. 


Solution: 


Part a) 


Part b) 


APUY Coun s Law 
Place BOY shell Gausson Swrfae (dus r) 


e fhe „A= a a ae 


—_— 


Eo CATE =? Ć Dee vr 
Or € Fatals award onl, main Jude A 


E= zet = VAr Fi zaj 


Part c) 
duc Fede ou F= LE 
We jo |? A s Zaz ZW 
Mn OTO 
VeVi = Va. VU VE Ve 22 
-W bs = b dr 
TE SEA J VE { „orz © = 


V2 ZTGL za (Ine a= zz (ro) 
V- amis (volt) 
Part d) 
G=EV = Ć — 
PE Ro... ar6L 
= jes — | b: 
LGL © On 
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Q1 [3 Marks] Circle the correct answer. 


i. The Figure shows a magnetic field (B) and 4 loops of equal areas. Which loop has the 
smallest magnetic flux? 


a) a 
b) b B 
c) c 


d) d ab c d 


Answer is d. 


ii. In the Figure shown, if the current (i) in the outer loop is counter-clockwise and 
decreasing, then the current in the inner loop is clockwise. 


a) True 
b) False 


Answer is b (False). 


iii. In the Figure shown, as the positive charge enters the region where the magnetic field 
exists then the charge will be: 


a) deflected downwards. v S 
b) travel straight without any deflection. o— i Q 
c) deflected upwards. | Q 
d) deflected out of the page. E sca ' 


Answer is c. 


Q2 [7 Marks] Consider a very long straight wire carrying current i in the direction of x-axis as 
shown in the Figure below. At time £=0 the current in this wire is increased from 
i=IA to i=21A in 20 usec. 

A rectangular loop of wire of width x=1m and length y=2m is located at distance 
s=1m from the current carrying wire. 
a) Derive a relation for the magnetic flux in terms of i, x, y, and s. 
b) Determine the magnitude of the induced emf in the loop of wire while current 
changing. 
c) Indicate the direction of induced current in the loop of wire. Justify. 


y-axis 


A 


—» X-axis 


Solution: 


Part a) 


-$ > 


g- D 6-44 = fp 60A aii ina te | 


Be lore staw Wire B= Sak 


yt” M l \ \ Ark yt? ' a x 
we dy AX | À J 


5: v 


Part b) 


` ZIĄ 
4 
PA CA \4 | 
AŻ = It +| | it 
S 


A= lo etal (A) where Ain selon ds 


dot) OCG) = a (ot (Wi) 
SEP = a C- ca 207) (its) ) 


E MT x157 ](107 ) = 0- ią C) 
€ 0720 (mw) 


Part c) 
By AER Bb dur to Current À 2, out tk se 


Rud tw CR mu AG 
Bind o ły Ms (Ke 


find 
A By RAR and Bad A 
ms me . 


ECE110 - Quiz #4 
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OI [3 Marks] Clearly circle the correct answer. 


i. 


ii. 


iii. 


What is the equivalent resistance seen from nodes a and b in the following circuit? 


4kQ 4kQ 
a) 12kQ 
b) 11 KQ 10kQ 6 kQ 
c) 10 kQ 
d) 9 KQ 
b 
6 kQ 


e) None ofthe above. 


Answer: d 


In the following circuit, what is the equivalent resistance seen by the current source? 


a) 800 Q 

b) 900 Q 

c) 1000Q 

d) 99 Q 

e) None ofthe above. 


Answer: b 


How many nodes are in the following circuit? 
4 kQ 4k 


Q 2kQ 
a) 5 
b) 6 20V 8kQ 6kKQ 4kO0ŻV, 
AE a 0 
d) 8 


e) None of the above. 3 kQ 


+ 


Answer: b 
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Q2 [7 Marks] In the circuit shown below apply Nodal Analysis to determine: 
a) Voltages at nodes V;, V2, and V3. [3.5 Marks] 
b) Current 2Vx. [1 Mark] 
c) Power by dependent voltage source. Is this power absorbed or supplied? [2.5 Mark] 


Port w) 

V3--Zo (v) 

EA, Viz XV-2% =) V,-Z%=0 (y 
ji 


Al, Ko W No dx Vz 2 Tuan; = © 
> VzeVi ARE 2-0 
À 4 
E T wha ią. 
TU 4 Vz (2124) = 2V3 


TEMĄ GM cto (R. j 
2\ M -2⁄2 20 


-2V+5V2:-40 
Vi ON2 5 0 


V=-Uo (V) 
V =V =2(- %)> y=- 80 W) 
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fart y) KSW A = do (-20)2-20 W 


=) Z2Vy=a(-20)=-Yo (4) 


Parte) vr > P-er) 


Nud Ty andi 
Att'y KL © Mok V 
Ar Tree 
4 =(-Yo)— (lo) = -20 (A) 


= 4(-2o)/— = |600 CA 
P 4(-20)( W a 
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Q1 [10 marks] 


Consider the two-wire construction shown in the figure below, l, = 15 A, L= 1 A, x, 53 m, w =2 m, and 
the height h=4 m. 


(a) [2 marks] Write down an expression as a function of distance 
for the magnitude and direction of the magnetic field created by the 
current ly. No derivation is required. 


> _ AT À 


P> 27er 


(b) [3 marks] Calculate the force on the sides ab and cd of the 
rectangular wire loop, taking into account only the magnetic field 


created by h. 
-G A 
E, = - Axio N x 
ab 7 


-6 A 
Figo 2Ukto N x 


(c) {1 mark] If the rectangular wire loop is suspended and is free to move; which direction will it move 
to? 


Positive x-direction 
I. Negative x-direction 


m. Positive y-direction 
IV. Negative y-direction 
V. The loop will not move 


Answer: {4L 


(d) [4 marks] Calculate the magnitude of the magnetic flux passing through the rectangular wire loop due 
to h. 


K, W 


p = ZEM In(x) 
b cs Thane Xi 


Q2 [10 marks] 
Consider the following system that consists of two independent circuits that are electromagnetically 


coupled through a pair of coils (one located within the other). All elements of this system lie flat with 
respect to the paper. 


| 


loco | 


LEFT 


Outer Coil 


inner Coil UT 


(a) [3 marks] The first circuit consists of a single circular loop connected in series with the outer coil. 
Let’s say the south pole of a magnet, which was initially located far away above the paper, is moved 
towards but not through the conductive loop. Which of the following statements must be true? 

(Boop = current induced in the loop; Bou = magnetic field induced through the outer coil) 


L loop = clockwise, Bou = right-to-left 

IL Toop = counter-clockwise, Bou = right-to-left 
Toop = Clockwise, Bou = left-to-right 
loop = counter-clockwise, Bou = left-to-right 


Answer: 1 


Consider the case where the magnet shown in the diagram above, is displaced such that it induces a time 
dependent current, Iigop(t) = 6.5t Amperes, where t = time, through the outer coil (length = 10 cm, 500 
turns). This current is electromagnetically coupled to the inner coil (40 turns, cross-sectional area = 2 
em’), which results in a peak power dissipated at the resistor, R = 2 kQ. 


(b) [3 marks] Calculate the magnetic field in the outer coil: 


B = 4,08 xo 6 T 


(c) [2 marks] Calculate the induced emf in the inner coil: 


(d) [2 marks] Calculate the current through the resistor 


|z| — 0.(C4nk 


Q3 [10 marks] 


Consider the following circuit: 


2mA 


(a) [7 marks] Compute I, using Nodal Analysis 


24 


p uu 
H 


= 
\} 


Sy 


RM 


(b) [1 mark] Compute power in resistor R, 


> = 2$%.7659mW/ 


o 


(c) [2 marks] Compute power in the independent sources 


— U 3C36mW 
lower 5 4. 


Fro Haze = Li 
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Question 1: [10 Marks] 
A conducting rod of R = 0.40 Q resistance is pulled at a constant speed, v = 5 m/s, sliding along two 

frictionless and perfectly conducting rails that are separated by L = 10 cm as shown in the figure. The rails 
are connected at one end by a perfectly conducting metal strip. A non-uniform magnetic field of B=3x T 
is directed out of the page. 


(a) Derive an expression for the magnetic flux in the y U et, 8 B zale; 
area bound by the rod, the rails and the metal | 
strip, in terms of L and x. [2 marks] Z x EE 
© 
© © e © © © @ 


— x— 


De = L x° 


(b) Determine the direction and the magnitude of the induced current in the conductor loop at x = 0.5 m. 
Justify your direction choice. [4 marks] 


ling = 0.938 (A) in CW direction 


(c) Derive an expression for the magnitude of the external force that is required to pull the rod in terms of L, 
x, vand R. [4 marks] 


_ 9L2x4v 
— R 


F 
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Question 2: [10 Marks] 
Determine the current (Irs) in the resistor R3 with the direction as shown in the following Figure. 


güv 


3 (A) 


R4 
100 Q 
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Question 3: [10 marks] 
(a) Use the principle of superposition to find the current, I in the circuit shown below. [5 marks] 


1(A) 


(b) Sketch the Thévenin equivalent circuit between the terminals, a and b (as seen by the 50 © load resistor). 
Determine the values V4 and Ra in your circuit. [5 marks] 


Vin=55(V) Rn=5Q 
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Q1 [10 marks] Consider the co-axial cable shown in the figure below. The currents in the central region and 
the outer shell are equal in magnitude and flowing in opposite directions. Assume that the current is 
uniformly distributed across each region. 


i i 


a=1cm 
b=3cm 
c=4cm 
i=200 mA 


(a) Calculate the magnitude of the magnetic field at the surface of the inner conductor. (2 marks) 


Axio © FR 


(b) Calculate the magnetic field in the region where r > ce. (2 marks) Z = O 


(c) Use Ampere's law to calculate the magnitude of B-field at a distance of 3.5 cm from the center of the 


cable. (4 marks) ő J j Kio’ T 
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(c) cond. 


(d) Graph the variation of the magnetic field as a function of the radius of the cable, from r=0tor>c. 
Clearly indicate the key points on the graph. (2 marks) 


BUT) m 


O | 2 3 4 Radius, r (cm) 
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Q2 [10 marks] For the circuit diagram given below, assume ideal circuit elements. 


(a) How would a capacitor and an inductor behave under DC conditions? (2 marks) 


Capacitor: ope n out Inductor: Ahat diet 


(b) Calculate the current (I), before the switch is closed. (4 marks) 
WI 4 mA 
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(c) Calculate the current (I), after the switch has been closed for a long time. (4 marks) 0 9 
„09 mA 
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Q3 [10 marks] For the circuit shown in the figure below, find the value of the de voltage source (Vx ) such 
that the current in the 20 Q resistor ( I, ) is zero. 


200 250 
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